Introduction
The UK Intensive Care Society (ICS) first published guidelines on the transport of the critically ill adult in 1997. 1 The recommendations attempted to rationalise advice from a number of sources and encourage an improvement in standards of care during patient transport. The guidelines apply to the transport of critically ill adult patients in the UK outside of the normal intensive care (ICU) environment.
The second edition of the document was published in 2002, reflecting recommendations set out in Comprehensive Critical Care, published by the Department of Health in 2000, as well as guidelines published by other organisations including the American College of Critical Care Medicine and the Australian and New Zealand College of Anaesthetists. The authors commented that secondary transport services in the UK at the time were 'poorly co-ordinated,' while equipment provision and training remained inadequate. The document described how critically ill patients were transferred between hospitals in 'an ad hoc manner by inexperienced trainees with little formal supervision,' potentially putting patients at risk of serious complications. 2 In 2009, work began to revise the ICS patient transport guidance again and the third edition of the document has recently been published. 3 I was commissioned by the chair of the guideline development group to carry out a systematic literature review to identify relevant articles published since 2000 relating to current clinical practices and standards of care during the transport of critically ill patients. The review included articles relating to the process of transferring critically ill adults, published since the previous revision. The guideline development group used this information, alongside a range of other sources of evidence. This paper describes the findings of the review in detail and provides an insight into recent literature about the quality of patient transfers, which is relevant to the wider ICU community.
Methods
Four electronic databases (MEDLINE, EMBASE, CINAHL and Web of Science) were searched systematically to find articles discussing both inter-and intra-hospital transfer of critically ill patients. The MESH term 'patient transfer' was used in combination with the terms 'critical care,' 'intensive care,' 'intensive care units' and 'critically ill.' The 'related articles' feature in PubMed was also used to search for papers and the reference lists of other articles were checked for further publications. The internet search engine Google was searched using the same terms to identify additional 'grey' literature.
Eligibility criteria were defined prior to carrying out the full search and research articles, local and national published audits, and policy documents were included. Articles were identified by an initial search of the title and abstract. Full-text articles relating to patient transfer were then obtained for review. The search only included papers written in English.
As the literature review was carried out to inform the revision of the 2002 ICS guidelines, it only includes articles published since 2000. To focus the review, only papers relating to the general process of adult patient transport were considered; it was not possible to address the literature relating to the transfer of specific patient groups, such as those with traumatic brain injuries. Papers addressing paediatric and neonatal transfer were similarly excluded, as were other aspects of transfer such as discharge to the ward, and the impact of the process on the patient. The search was carried out in September 2009.
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Results
The details of the literature search are outlined in Figure 1 . One hundred and thirty-six full-text articles were identified for further analysis. Ten were excluded because the full-text version could not be located, while two papers were duplicates. Ninety did not meet the entry criteria on closer scrutiny, most of which related to the impact of transfer on patients (for example, outcomes after transfer), paediatric transfer or transfer (ie discharge) from intensive care to the ward.
The review comprised 46 papers, including eight sets of patient transport guidelines published since 2000. This report describes the research articles; the other relevant guideline documents are listed in Table 1 .
Improving the quality of transfers
The bulk of the articles identified relate to transport quality, including nine review articles and five local audits assessing both the standard of transfers and compliance with relevant guidelines. In a prospective audit of 100 consecutive intensive care patients in the Netherlands, adverse events occurred in 34% of transfers, 70% of which were considered to be avoidable. More than one third of transfers took place during the night shift. 4 Similarly, in an audit of inter-hospital transport in the Northern region of England, 61% of transfers happened between 17:00 and 9:00. 5 Two years later, this estimate was updated; the number of transfers taking place out of hours had increased, with critical incidents occurring in 20%. 6 A survey of risk management strategies practised by NHS hospitals when transferring critically ill patients concluded that many NHS hospitals fall short of national guidelines. 7 This problem is however not just confined to the NHS. In an audit of transfers to Cork University Hospital in Ireland, only 22% of patients were accompanied by a doctor, 8 while an audit from the University Hospital in Lausanne, Switzerland, showed that compliance with local transfer guidelines was below 100%, with particular concerns about resourcing at weekends. 9 Other authors have written review articles about transport quality, although these are not systematic reviews. Haji-Michael argued that patient transfer is a low priority in service development because those with responsibility and authority do not do transfers themselves. 10 In another article, authors highlighted that the transfer of critically ill patients is an integral part of the healthcare system in developed countries, and yet it is frequently the 'Achilles' heel' of the service, because the care provided during transfer is often suboptimal. 11 Clemmer and Frank raised questions about whether the cost of Articles included in review: -38 patient transfer process -8 sets of patient transfer guidelines 
Review articles
increasingly sophisticated transport systems improves the quality of transfers. 12 Critically ill patients transferred from the emergency department (ED) represent a significant proportion of the total number of inter-hospital transfers, yet another article found widespread deficiencies in equipment provision, patient monitoring, staff training and transfer documentation in this group of patients. 13 Highlighting the central position of the ED in patient transfer, Gray et al reviewed several core issues, including the need for appropriate accompanying staff, standardised equipment and appropriate documentation. 14 Another article addressed similar points, as well as pre-transfer stabilisation and hazards during transport, using a patient-case scenario. 15
Adverse incidents during transfer
Adverse incidents were used as a marker of transfer quality in several of the papers described above. However, Fan and colleagues carried out a systematic review seeking to describe the incidence and predictors of adverse events during the transfer of adult, mechanically ventilated patients. They included five articles involving a total of 245 patients, 66% of whom were transported by air. 16 Although the authors searched six databases and the bibliographies of relevant articles, their search strategy was limited. The authors were unable to estimate the overall incidence of adverse events during transfer or to determine if there were any associations between pre-transport variables and adverse outcomes, as all the included articles were case series and lacked standard definitions or methods. (The review by Fan et al did not include any of the articles described here. The authors included three articles published within the period of interest for this review, but these fall outside our eligibility criteria, describing transport of specific patient groups, including those with traumatic brain injuries.)
Another review noted that although adverse incidents occur frequently during the transport of critically ill patients, such transfers were often important in terms of clinical management. 17 Several other authors acknowledged that the standard of care during patient transfer was often poor and have assimilated the relevant evidence in order to write education articles aimed at minimising the risk of adverse events. Shirley and Hearns made safety recommendations for clinicians involved in assessing, stabilising and transporting patients, addressing operating procedures and equipment management as well as personal safety. 18, 19 As well as the critical incident rates described above, seven articles examined the type of adverse incidents that occured during patient transfer, using a mixture of prospective cases series and incident reports. In an audit of intra-hospital transports of critically ill patients in Sydney, difficulties or complications were reported in 62% of transfers. 20 In another review of 272 incident reports collated from four Australian hospitals, harm to the patient was recorded in 59% of adverse events occurring during transfer. 21 In another review of reports submitted to the Australian Incident Monitoring Study in Intensive Care (AIMS-ICU), 39% of incidents occurring during intra-hospital transport related to equipment problems. Serious adverse outcomes occurred in 31%. 22 In a third series of transfers in Australia, untoward incidents occurred in 67.9%. Of these incidents, 45.9% involved equipment failure and 26.2% related to lack of patient stabilisation before transfer. 23 Rates however appear to be lower in a fourth similar Australian series; during 290 transfers from the ED to the intensive care unit, equipment problems were encountered in 9% of transfers. Transfer was delayed by over 20 minutes in 38% of cases. 24 In one final Australian paper, adequate staffing was only available for 75% of transfers, and adverse incidents occurred in 44%. 25 The UK National Patient Safety Agency (NPSA) collated reports of untoward incidents submitted voluntarily by healthcare staff in England and Wales. Between 1 August 2006 and 28 February 2007, 55 incidents associated with intensive care transfer equipment were reported, including six reports of battery failure associated with portable monitors. 26 In the same period, 5% of medication-related incidents reported by intensive care staff were associated with poor communication during transfer. 27 As the NPSA operated a voluntary reporting system, the incidents reported probably only represent a sample of the true number of adverse incidents that occurred.
Retrieval teams
A paper by Bellingan et al has attracted considerable interest since its publication in 2000. 28 The authors compared 168 patients transferred by a specialist retrieval team to 91 transfers involving a standard ambulance accompanied by a doctor. In the latter group, significantly more patients were severely acidotic (p <0.008) and hypotensive (p <0.03) upon arrival.
However, a systematic review of six studies comparing whether the use of specialist transport personnel improves patient outcome concluded that the current evidence is insufficient to answer the question. Additionally, the study designs 'create opportunity for significant bias.' 29 One author commenting on this review notes that the area is 'sadly devoid of quality inquiry.' 30
Transfer training
In the absence of specialist retrieval teams, there has been interest in providing support for trainees undertaking patient transfers. 31 In one survey of specialty trainees in years one and two (n=31), 88% had undertaken an inter-hospital transfer alone while 94% had transferred a patient alone within the hospital. However, only 65% had received some transfer training, and just 33% had been on a transfer course. In this group, 39% had been asked to undertake a transfer when they did not feel they had adequate experience to do so. 32 In an older survey, the majority of trainees had three months or less ICU experience at the time of their first solo transfer. Only a small number (22%) had received formal transfer training and 45% rated this as either useless or largely deficient. 33 Concerns about the lack of training available have led to the introduction of various transfer courses; 6, 34 training using the Safe Transfer and Retrieval (STaR) approach developed by the Advanced Life Support Group is described elsewhere. 35, 36 Training however remains 'haphazard' and dependent on local initiatives. 32
Transfer co-ordination
Little is known about how clinicians make decisions about the inter-hospital transport of critically ill patients; selecting which patient to send has been described as 'an ad hoc process.' 37 Evidence is also lacking about the factors that determine which patient is suitable for transfer. However, in one survey of intensive care physicians, the availability of suitable personnel and facilities was thought to be more important than patientlevel factors. When these factors are optimal, respondents would consider even severely critically ill patients for transfer. 38 Once the decision has been made, however, arranging the transfer may prove complex. Craig describes the challenges faced in organising the transfer of critically ill patients from one Australian hospital. The process involved on average 4.7 phone calls per patient, with a mean time to transfer acceptance of almost one hour. 39 Similarly in a review of case notes from another hospital, time delays were a prominent feature and 73% of patients arrived at the receiving hospital outside of normal working hours. 37 A further Canadian study looked at the association between the time taken to complete different stages of the transfer process and subsequent ICU and hospital length of stay. The results were mixed, and the authors drew on a 'relatively small number of useable records'. However, longer times spent in transit appeared to be associated with a shorter length of ICU stay for patients transferred by ambulance. 40
Patients and families
Finally, there is very little published literature about the experience of patients and their families. In one survey assessing the information needs of relatives of patients undergoing interhospital transfer, knowing specific facts about the patient' s condition and prognosis, and having information explained in understandable terms were identified as being of high priority for families. However, transfer staff frequently underestimated what family members reported as important needs. 41 Evaluating the patient' s needs during transfer would clearly be difficult to do in many cases, but one paper looked at whether playing music in the ambulance reduced patient anxiety. Among the 23 patients who completed the questionnaire, subjectively patients reported that music made them feel more comfortable and relaxed, but objectively, there was no change in vital signs. 42 
Discussion
The large number of articles published since the second edition of the ICS guidelines was compiled demonstrates that the quality of transfers remains a concern; even the fittest patient receiving general anaesthesia for simple elective surgery receives a higher standard of care than many critically ill patients undergoing inter-hospital transfer. 5 The evidence suggests that compliance with the guidelines may be poor and the process remains rather haphazard. This is a worry considering that the number of transfers taking place in the UK is thought to be rising. 18 It is anticipated that there will be a further increase in the number of transfers if efforts to regionalise services go ahead; safe patient transport systems must be at the heart of any centralised system. 8 Notably, little is known about the current numbers of ICU transfers taking place today, with most papers still quoting an estimate of 11,000 transfers per annum taken from a postal survey carried out in 1994. 43 Much of the new data cited above is derived from singlecentre audits and case series, which are thought to provide the weakest level of evidence, so their validity and generalisability must be interpreted with caution. 44 However, the paucity of evidence illustrates the difficulty of performing high-calibre research in the ICU setting, which consequently presents a challenge to those compiling evidence-based guidelines.
Gaps in the evidence
Many of the articles here relate to the organisation and general quality of transfers. However, uncertainty remains around transfer decisions and ethics, particularly when patients are transferred to another hospital because of a lack of capacity in the referring unit.
No articles were identified examining the role of critical care networks. However, one study suggested that there is a general lack of awareness about local networks among clinicians. 13 Another highlights that, although many networks are interested in improving training and developing guidelines for patient transfer, they are hampered by their lack of direct responsibility for creating enforceable standards. 32
Limitations
The diverse range of documents reviewed, including policy documents and audits, meant that it was not possible to apply a uniform indicator of quality to these papers. Similarly, because of the different outcome measures and populations used, no attempt has been made to pool any of the results.
The database searches and article selection were only carried out by one researcher, but care was taken to minimise bias by defining eligibility criteria prior to carrying out the search. A broad search strategy involving several electronic databases was used to avoid missing relevant publications.
The review has not addressed the particular challenges of transferring paediatric or neonatal patients, which may provide insights into adult transfers. It was also not possible to look at the transfer of specific patient groups, such as those with head injury, although there is extensive literature on this.
Conclusions
The findings of this review fed directly into the development of the recently published third edition of the ICS patient transfer guidelines. In 2002, when the second edition of the guidance was published, the authors noted that secondary transport services in the UK were 'poorly co-ordinated', potentially putting patients at risk of serious complications. The guidelines have been extensively updated to reflect current practice, but it is clear that measures are still needed to improve the quality of transfers.
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